12 United States Patent

Droste et al.

US009196949B2
(10) Patent No.: US 9,196,949 B2
45) Date of Patent: Nov. 24, 2015

(54) PANEL HAVING ELECTRICALLY
CONDUCTIVE STRUCTURES

(75) Inventors: Stefan Droste, Herzogenrath (DE);
Bernhard Reul, Herzogenrath (DE);
Andreas Schlarb, Herzogenrath (DE);

Gunther Vortmeier, Herzogenrath
(DE); Christoph Degen, Aachen (DE)

(73) Assignee: SAINT-GOBAIN GLASS FRANCE,
Courbevoie (FR)

( *) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 271 days.

(21)  Appl. No.: 13/377,806

(22) PCT Filed: Jul. 30, 2010

(86) PCT No.: PCT/EP2010/061105

§ 371 (c)(1),

(2), (4) Date:  Dec. 12,2011

(87) PCT Pub. No.: W0O2011/018361
PCT Pub. Date: Feb. 17, 2011

(65) Prior Publication Data
US 2012/0086614 Al Apr. 12, 2012
(30) Foreign Application Priority Data
Aug. 14,2009 (DE) .o, 10 2009 026 378
(51) Int.CL
HO0IQ 1/32 (2006.01)
HO0IQ 1/12 (2006.01)
(52) U.S. CL
CPC ... HOIQ 171278 (2013.01); Y10T 29/49155
(2015.01)

(2a)

(38) Field of Classification Search
CPC e, HO1Q 1/32
USPC e 343/713

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

5/1991 Sakurai et al.
6/2005 Ogino

(Continued)

5,017,933 A
6,903,697 B2

FOREIGN PATENT DOCUMENTS

CN 1512621 A 7/2004
CN 101222082 A 7/2008
(Continued)
OTHER PUBLICATIONS

PCT International Preliminary Report on Patentabiliy (IPRP) 1ssued
on Feb. 14, 2012 for PCT Application No. PCT/EP2010/061105 filed

on Jul. 30, 2010 in the name of Saint-Gobain Glass France (English
and German).

(Continued)

Primary Examiner — Dameon E Levi

Assistant Examiner — Andrea Lindgren Baltzell
(74) Attorney, Agent, or Firm — Steinil & Bruno LLP

(57) ABSTRACT

A pane with electrically conductive structures 1s described.
The pane has at least two electrically conductive structures
galvanically separated from each other, a galvanic separating
layer on at least on one of the electrically conductive struc-
tures, and an electrical conductor on the galvanic separating,
layer. The galvanic separating layer galvanically separates the
conductor from at least one of the structures. A method for
producing the pane and a use of the same are also described.

12 Claims, 11 Drawing Sheets

(2b)



US 9,196,949 B2

Page 2
(56) References Cited Jp 2004015534 A 1/2004
JP 2008054032 A 3/2008
U.S. PATENT DOCUMENTS OTHER PUBI ICATIONS
2008/0089012 Al 4/2008 Konetal. ..................... 361/502

2008/0169990 Al
2008/0234895 Al
2010/0026588 Al

7/2008 Tamguchietal. ............ 343/713
9/2008 Veerasamy ..................... 701/36
2/2010 Murayama et al. ... 343/700 MS

¥ % ¥ %

FOREIGN PATENT DOCUMENTS

CN 101248553 A 8/2008
CN 201174421 Y 12/2008
CN 101345334 A 1/2009
DE 3910031 10/1989
EP 0542473 5/1993
EP 0720249 7/1996
JP HO8186404 A 7/1996
JP 2002204116 A 7/2002

PCT Search Report of International Application PCT/EP2010/
061105 filed on Jul. 30, 2010 1in the name of Saint-Gobain (Glass

France.

Office Action 1ssued for Chinese Patent Application No.
201080035986.6 filed on Jul. 30, 2010 1n the name of Saint-Gobain
Glass France. Mail date: Sep. 4, 2013 (Translation + Original).
Office Action 1ssued for Eurasian Patent Application No. 201270276
filed in the name of Saint-Gobain Glass France. Mail date: Oct. 31,
2013 (Translation + Original).

Office Action 1ssued for Japanese Patent Application No. 2012-
524186 filed in the name of Saint-Gobain Glass France. Mail date:
Apr. 1, 2014 (Translation + Original).

* cited by examiner



U.S. Patent Nov. 24, 2015 Sheet 1 of 11 US 9,196,949 B2

(3)
(4)

()

Ly .-".-".-".-".-".-".-".-".-".-".-".-".-" e
B i
B o
B .
B . e

)

(D + T T T T T T T T L L
(1

(2a) (20)



U.S. Patent Nov. 24, 2015 Sheet 2 of 11 US 9,196,949 B2

(3)
(4)

(D) + Illmm.........m e T T

(7) B iy (5)

o A e R A
o A A R
o o o o o o o o o o o e o o o o o o o o o o o o o o o o R e o o o o o o o o o o o o o
o A e o
o A A Y R A e




U.S. Patent Nov. 24, 2015 Sheet 3 of 11 US 9,196,949 B2

(3)

(4)

(D)I ‘IL oy lllllllllllllllll

(1) '

.‘.1' h‘.‘_—‘.

(6)
bbbV L L LU LT TR
*&"*’f 7 i ()

o .-".-".-".-".-"a’a’a’a’ffffa’a’a’a’ffffa’a’a’a’ffff o A A A
o A e e e A A
o o o o A A
o A A A A A e e A A
o A A A A A A A e

(2a) (2b)

Fig. 3



U.S. Patent Nov. 24, 2015 Sheet 4 of 11 US 9,196,949 B2

(3)

(4)

(6)

‘1\1\\-\-\-“" .':'- Llllli‘:‘“‘

................................................... M ALV LV LTI ||||||||¥?}!}: . iy (5_2)
TA LS EFTEEE Yy py ST .
...... ¢(D) W{W%WFEM‘% (5 - 1 )

"

e e e e e e e e e e e e e e e e e e e e e e o o o o o o o o o A o o o o o o o o o o o o o o o o o o o o o o o o o o o o
O
R
R
e o o o o o o e o o o G

Fig. 4



U.S. Patent Nov. 24, 2015 Sheet 5 of 11 US 9,196,949 B2

(3)
(4)

(5) ﬁﬁﬁrﬁﬁfffffﬁ .

ﬂf - il ff ( )

r_r_r | myffffffffff |llllll.]' -J

A A o o o o o o o o o o S o A S .-".-".-".-".-".-".-".-".-".-".-".-".-".-" A A o A o o o o o o o o T A
A o o o o o o o o o g o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o A o o o o o o o o o o o o o o o o o o o o o o o o
o o o o o o o o S o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o A o o o o o o o o o o o o o o o o o o o o o o o
A A o o o o o o o S o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o A o o o o o o o o o o o o o o o o o o o o o o S
A o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o N o o o o o o o o o o o o o o o o o o o o o 5

2a) @)

Fig. 5



U.S. Patent Nov. 24, 2015 Sheet 6 of 11 US 9,196,949 B2

(3)
(4)

‘ ol 5 % N

o T -.'-.'-.'-.'-

(6)

2 i (5)

e .-".-".-".-".-"a“.-“.-“.-“a’f.-“.-“.-“.-’f.-“.-“.-“.-’f.-“.-“.-“.-#’ff.-“ e
o e e e A S
e e A S S
e e e S e A
e A A S

N
IIIIIIIIIIIIIIIII

B

5 1 1 i 0 i 1 0 bl B 0 1 1 } ;e

(1)

[~

(2a) (2b)

Fig. 6



U.S. Patent Nov. 24, 2015 Sheet 7 of 11 US 9,196,949 B2

(1) (2b)

Fig. 7



U.S. Patent Nov. 24, 2015 Sheet 8 of 11 US 9,196,949 B2

Fig. 8



U.S. Patent Nov. 24, 2015 Sheet 9 of 11 US 9,196,949 B2

(A) (2D)

Fig. 9



U.S. Patent Nov. 24, 2015 Sheet 10 of 11 US 9,196,949 B2

a) Coating a pane (1) with an intermediate layer (/) in a

silkscreen process,

b) Coating the intermediate layer (/) and the pane (1) with two
electrically conductive structures (2a, 2b) galvanically

separated from each other in a silkscreen process,

c) Gluing a self-adhesive galvanic separating layer (5) and an

electrical conductor (4) on subregions of the electrically

conductive structures (2a, 2b).

Fig. 10
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a) Coating a pane (1) with an intermediate layer (7) in a

silkscreen process,

b) Coating the Intermediate layer (/) and the pane (1) with two
electrically conductive structures (2a, 2b) galvanically

separated from each other in a silkscreen process,

c) Printing a galvanic separating layer (5) on subregions of the

electrically conductive structures (2a, 2b) in a silkscreen

process, and

d) Applying an electrical conductor (4) on the galvanic

separating layer (5) in a silkscreen process.

Fig. 11
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PANEL HAVING ELECTRICALLY
CONDUCTIVE STRUCTURES

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s the US national stage of Inter-

national Application PCT/EP2010/061105 filed on Jul. 30,
2010, which, 1n turn, claims priority to German Patent Appli-
cation 10 2009 026 3778.0 filed on Aug. 14, 2009.

The present invention relates to a novel pane with, in par-
ticular, antenna and heating capability, method for production
thereot, and use thereof.

From DE 39 10031 A1, a pane made of laminated glass that
1s provided with a radio antenna and pane heating 1s known.
For optimum utilization of the area, a heating conductor 1s
located on a first surface of the laminated glass. Parts of an
antenna conductor are located on the first and or another
surface of the laminated glass. Through the use of a plurality
of surfaces, a relatively large area 1s always available for the
antenna and heating capability. To improve the antenna gain,
the antenna conductor and heating conductor are capacitively
coupled.

There, the electrically conductive structures for the capaci-
tive coupling must, in each case, be located directly opposite
the mdividual heating elements on the glass surfaces. This
results, 1n particular, 1n limitations in the arrangements of the
antennas and heating elements on the glass surface. The
capacitive coupling 1s associated with high signal losses over
the several millimeter thickness of the glass pane.

The object of the present invention 1s to make available an
improved pane that has efficient and simple capacitive cou-
pling of antenna and heating conductors and, at the same time,
a high degree of freedom 1n the arrangement of antenna and
heating conductors.

In addition, the object of the present mnvention 1s to make
available a method for the production of the novel pane.

The object of the invention 1s accomplished with the char-
acteristics of the independent claims 1, 20, and 29. Advanta-
geous embodiments of the invention result from the charac-
teristics of the dependent claims.

According to the invention, a construction of a pane with
clectrically conductive structures 1s shown, which comprises
a pane with at least two electrically conductive structures
galvanically separated from each other, a galvanic separating
layer at least on one of the electrically conductive structures,
and an electrical conductor on the galvanic separating layer,
wherein the galvanic separating layer separates the electrical
conductor from at least one of the electrically conductive
structures.

The property “galvanically separated” means that the elec-
trically conductive structures have no electrically conductive
connection and are decoupled for DC voltage.

A pane comprises, 1n particular, panes made of clear or
tinted soda-lime glass. The panes can be thermally or chemi-
cally toughened or implemented as a laminated glass, 1n
particular, to satisiy the Uniform Provisions concerning the
Approval of Satety Glazing Matenals and Their Installation
on Vehicles according to ECE-R 43: 2004. The panes can also
include plastics such as polystyrene, polyamide, polyester,
polyvinyl chloride, polycarbonate, or polymethyl methacry-
late. To adjust energy transmission, the panes can have com-
plete or partial surface coatings with radiation absorbing,
reflecting, and/or low emission properties. If the pane 1s
implemented as a laminated glass pane, two soda-lime
glasses are permanently bonded with a plastic layer contain-
ing polyvinyl butyral.
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The pane can have the size customary 1n the automobile
industry for windshields, side windows, glass roofs, or rear
windows of motor vehicles, preferably from 100 cm?® up to 4
m~. Customary thicknesses of the panes are in the range from
1 mm to 6 mm.

The electrically conductive structures have different forms.
Panes with heating and/or antenna capabilities preferably
have line-shaped structures and macroscopic transparency at
the same time.

Electrically conductive structures with heating capability
as heating conductors are preferably configured as a number
of parallel lines that are connected 1n parallel via busbars at

least on the opposing edges of the pane. Upon application of
an electric voltage between the busbars, joule heating 1s gen-
erated over the area of the pane. The increased temperature of
the pane prevents or removes moisture and icing from the
surface of the pane. The electrically conductive structure
preferably extends line-shaped over virtually the entire area
of the pane. Electrically conductive structures with heating
capability can have different shapes, arrangements, and inter-
connections and are, for example, configured round, spiral-
shaped, or meander-shaped. The electrically conductive
structures stretch, in particular, over the interior surfaces of
motor vehicle glazings.

Electrically conductive structures with antenna capability
are, preferably, configured as antenna conductors 1n the shape
of lines. The length of the antenna conductors 1s determined
by the targeted antenna characteristics. Antenna conductors
can be implemented as lines with an open or closed end, or
have different shapes, arrangements, and interconnections
and can be, for example, configured round, spiral-shaped, or
meander-shaped.

The antenna characteristics are determined by the frequen-
cies to be recerved or transmitted. The recerved and/or trans-
mitted electromagnetic radiation 1s, preterably, LF, MF, HF,
VHEF, UHF, and/or SHF signals in the frequency range from
30 kHz to 10 GHz, particularly preferably, radio signals, 1n
particular USW (30 MHz to 300 MHz, corresponding to a
wavelength from 1 m to 10 m), shortwave (3 kHz to 30 MHz,
corresponding to a wavelength from 10 m to 100 m), or
medium wave (300 kHz to 3000 kHz, corresponding to a
wavelength from 100 m to 1000 m), as well as signals of toll
collection, mobile radio, digital radios, TV signals, or navi-
gation signals. The length of the electrically conductive struc-
tures with antenna capability 1s, preferably, a multiple or a
fraction of the wavelength of the frequencies to be trans-
terred, 1n particular one half or one fourth of the wavelength.
For better utilization of the surface of the pane, the electrically
conductive structures can be configured curved, meander-
shaped, or spiral-shaped.

Typical line widths of the electrically conductive structures
according to the mnvention are 0.1 mm to 5 mm; typical widths
of busbars or contact regions are 3 mm to 30 mm. typical
distances between the electrically conductive structures in the
region of the capacitive coupling are between 1 mm and 20
mm. The electrically conductive structures can themselves be
opaque; however, macroscopically, the pane appears trans-
parent.

The electrically conductive structures can be metal wires,
preferably a copper, tungsten, gold, silver, or aluminum wire.
The wire can be equipped with an electrically insulating
coating. The electrically conductive structure can, however,
also be implemented as a printed conductive layer. The elec-
trical conductivity 1s, preferably, realized via metal particles
contained 1n the layer, particularly preferably, via silver par-
ticles. The metal particles can be located 1n an organic and/or
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inorganic matrix, such as pastes or inks, preferably as fired
screenprinting paste with glass frits.

To improve the antenna characteristics and, 1n particular, to
increase the length of the antenna conductors, the heating
conductors are completely or partially connected to the
antenna conductor via at least one capacitive coupling ele-
ment. For AC signals, the heating conductor 1s thus a part of
the antenna conductor. However, for DC voltages, for heating
the pane, the heating conductor remains galvanically sepa-
rated from the antenna conductor. In the region of the cou-
pling element, antenna conductors and heating conductors
are, preferably, spatially close together, preferably parallel,
and, particularly preferably with a distance between them of
0.5 mm to 10 mm. The antenna conductor and heating con-
ductor can even mesh with each other in the region of the

capacitive coupling 1n any form, e.g., comb-like or meander-
like.

The capacitive coupling 1s realized according to the mven-
tion through electrical conductors that spatially bridge the
clectrically conductive structures, but without making gal-
vanic contact. The galvanic separation 1s realized via a gal-
vanic separating layer between the electrically conductive
structures and the electrical conductor 1n the coupling ele-
ment.

In another preferred embodiment of the ivention, an addi-
tional intermediate layer 1s applied between the pane and the
clectrically conductive structures, preferably, for decorative
purposes 1n the form of a frame on the pane. The intermediate
layer, as a black imprint, preferably includes glass frits and
black pigments.

In a preferred embodiment of the invention, the capacitive
coupling 1s realized by at least one coupling element.

In a preferred embodiment of the invention, the capacitive
coupling is realized by at least two coupling elements that are
arranged spatially separated on the pane.

The capacitive coupling elements of the pane according to
the invention cover subregions of electrically conductive
structures and stretch over at least two subregions of electri-
cally conductive structures. The coupling elements can be
partially stretched beyond the electrically conductive struc-
tures and be glued directly to the pane. This permits a strong
mechanical bond and reduces the adhesion demands on the
clectrically conductive structures.

The coupling elements can, however, 1n one embodiment
of the invention also be adapted flush with the external outline
of the electrically conductive structures. Advantageous 1n this
case 1s the reduced area and matenial requirement as well as
improved optics.

The coupling elements are preferably applied as film layer
systems and/or printed layer systems. The films can, in par-
ticular, be self-adhesive. The film layer systems and printed
layer systems can have any outline, but can, 1n particular, be
strip-shaped and/or adapted flush with the outline of the elec-
trically conductive structures.

The impedance of the coupling element 1s substantially
determined by the capacitance between the electrical conduc-
tor of the coupling element and the electrically conductive
structures. Here, the capacitance 1s a function of the dielectric
constants ol the galvanic separating layer, the area of the
overlap of the electrical conductor and the electrically con-
ductive structures as well as the distances between the elec-
trical conductor and the electrically conductive structures.
The highest possible capacitance and thus the lowest possible
impedance yield, with the smallest possible intervening dis-
tance, a large overlap area and a hugh dielectric constant. The
capacitance can be selected such that interfering frequencies
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4

or frequencies that are not needed for the application are not
transterred through the coupling element and a high pass or a
low pass 1s obtained.

In a preferred embodiment of the pane according to the
invention, the galvanic separating layer includes polyacry-
late, cyanoacrylate, methyl methacrylate, silane and siloxane
cross-linking polymers, epoxy resin, polyurethane, polychlo-
roprene, polyamide, acetate, silicone adhesive, polyethylene,
polypropylene, polyvinyl chloride, polyamide, polycarbon-
ate, polyethylene terephthalate, polyethylene naphthalate,
polyimides, polyethylene terephthalate, as well as their
copolymers and/or mixtures thereof.

The galvanic separating layer can be made up of a plurality
of layers. Advantages of a plurality of layers are increased
degrees of freedom 1n the optimization of the mechanical and
clectrical properties of the separating layer.

In a preferred embodiment of the pane according to the
invention with a printed coupling element, the galvanic sepa-
rating layer mcludes a black imprint with a high disruptive
strength. The separating layers contain organic and inorganic
components, 1n particular, glass frits and color pigments. The
clectrical conductor of the printed coupling element prefer-
ably contains a conductive paste, a conductive adhesive, and,
particularly preferably, a conductive primer. The specific
clectrical resistance of the printed electrical conductor 1s less
than 1 kOhm*cm, preferably less than 100 Ohm*cm and,
particularly preferably, less than 10 Ohm*cm.

The layer thickness of the galvanic separating layer 1s,
preferably, 1 um to 200 um and, particularly preferably, 5 um
to 80 um. The dielectric constant of the galvanic separating
layer 1s, preferably, in the range from 1.5 to 10 and, particu-
larly preferably, from 2 to 6. The disruptive strength for
avoiding short-circuits in the galvanic separating layer is,
preferably, greater than 1 kKV/mm and, particularly preferably,
greater than 10 kV/mm.

The electrical conductor of the coupling element prefer-
ably 1ncludes conductive carbon, conjugated polymers, con-
ductive primer, tungsten, copper, silver, gold, aluminum, and/
or mixtures thereof.

In another preferred environment of the invention, the cou-
pling element has an additional protective layer on the elec-
trical conductor, including polyethylene, polypropyvlene,
polyvinyl chloride, or polymethyl methyl acrylate, polya-
mide, polycarbonate, polyethylene terephthalate, polyethyl-
ene naphthalate, polyimide, polyethylene terephthalate, eth-
ylene vinyl acetate, or polyvinyl butyral, as well as their
copolymers and/or mixtures thereof. The electrical conductor
1s protected from the environment by the protective layer. The
chemical and mechanical stability of the pane according to
the 1nvention with antenna capability and, 1n particular, the
coupling element are increased by the protective layer.

The object of the invention 1s further accomplished through
a method for production of a pane according to the invention
with electrically conductive structures, wherein 1n a first step,
a pane with at least two electrically conductive structures
galvanically separated from each other 1s coated. In a second
step, a galvanic separating layer 1s applied at least on one of
the electrically conductive structures. In a third step, an elec-
trical conductor 1s applied on the galvanic separating layer.

In further preferred embodiments of the method according
to the invention, the galvanic separating layer and the electri-
cal conductor in at least one capacitive coupling element and,
particularly preferably, in at least two capacitive coupling
clements are printed on at least one electrically conductive
structure or glued on as a film composite.

In a preferred embodiment of the method according to the
invention, before the application of the electrically conduc-
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tive structures, an additional intermediate layer 1s applied on
the pane, preferably 1n a silkscreen process.

In a preferred embodiment of the method, the galvanic
separating layer and the electrical conductor are glued as
coupling elements 1n a film composite on the electrically
conductive structures. The film composite 1s, particularly
preferably, self-adhesive. Here, “selt-adhesive” means that
the coupling element 1s permanently bonded via an adhesive
action of the galvanic separating layer to the electrically
conductive structures and/or to the substrate glass.

In another preferred embodiment of the method, the gal-
vanic separating layer 1s printed 1n a silkscreen process onto
the electrically conductive structures. The electrical conduc-
tor 1s then applied to the galvanic separating layer, preferably
in a silkscreen process.

The invention 1s described in detail with reference to exem-
plary embodiments, wherein reference 1s made to the accom-
panying figures.

They depict:

FIG. 1 a cross-section through a pane according to the
invention in the region of the capacitive coupling,

FIG. 2 an alternative embodiment 1n cross-section in the
region of the capacitive coupling,

FIG. 3 another alternative embodiment 1n cross-section in
the region of the capacitive coupling,

FIG. 4 another alternative embodiment 1n cross-section in
the region of the capacitive coupling,

FIG. 5 another alternative embodiment 1n cross-section in
the region of the capacitive coupling,

FIG. 6 another alternative embodiment in cross-section in
the region of the capacitive coupling,

FIG. 7 a plan view of the pane according to the mvention,

FIG. 8 aplan view of an alternative embodiment of the pane
according to the mnvention,

FI1G. 9 aplan view of an alternative embodiment of the pane
according to the mnvention,

FIG. 10 an exemplary embodiment of steps of the method
according to the ivention in a flowchart, and

FIG. 11 an alternative exemplary embodiment of steps of
the method according to the invention 1n a flowchart.

FIG. 1 depicts a cross-section according to the invention in
the region of the capacitive coupling of two electrically con-
ductive structures (2a, 26) on a pane (1). The galvanic sepa-
rating layer (3) separates the electrical conductor (4) from the
clectrically conductive structures (2a, 2b). The electrical con-
ductor (4) consisted of one 100 um thick, electrically conduc-
tive primer layer and was applied with a width o1 30 mm and
a length of 100 mm on the galvanic separating layer (8), such
that it covered the busbars of the electrically conductive struc-
tures (2a) and (2b) over the entire width. As the galvanic
separating layer (8), a 100 um thick enamel print with glass
frits and black pigments was used that permanently bonded
the electrical conductors (2a) and (25) and the electrical con-
ductor (4), without producing a direct electrical contact. The
galvanic separating layer (5) had a disruptive strength of at
least 10 kV/mm. The distance (D) between the electrical
conductor (4) and the electrically conductive structure (2a,
2b) was roughly 70 um. The dielectric constant of the gal-
vanic separating layer (5) was roughly 6. In this embodiment,
it was possible to obtain a further improved capacitive cou-
pling between the electrically conductive structures (2a, 2b6).

With the same available area, 1t was possible to improve the
reception performance of the electrical structures (2a), (25) as
an antenna with optimized heating properties at the same
time.

FIG. 2 depicts another cross-section according to the
invention in the region of the capacitive coupling elements (3 )
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6

of two electrically conductive structures (2a, 2b), wherein the
embodiment of FIG. 1 was enhanced by an additional inter-
mediate layer (7) for decorative purposes. The intermediate
layer (7) was applied 1n the edge region in the form of a frame
on the pane (1) and included a 100 um enamel print with glass
trits and black pigments.

FIG. 3 depicts an alternative cross-section according to the
invention in the region of the capacitive coupling element (3)
of two electrically conductive structures (2a, 2b). The cou-
pling element (3) included a roughly 45 um thaick copper strip
as an electrical conductor (4). The width of the copper strip
was 25 mm. The electrical conductor (4) terminated tlush
with the electrically conductive structures (2a, 26) in the
width. As the galvanic separating layer (5) between the elec-
trical conductor (4) and the electrically conductive structures
(2a, 2b), a roughly 60 um thick silicon-based adhesive layer
with a dielectric constant of 3 was applied. The distance (D)
between the electrically conductive structures (2a) and (256)
and the electrical conductor (4) was roughly 60 um. The
disruptive strength was at least 10 kKV/mm. As a protective
layer (6) for the electrical conductor (4) against environmen-
tal influences and, 1 particular, moisture, a roughly 100 um
thick polyethylene naphthalate layer was additionally applied
on the electrical conductor (4). The width of the galvanic
separating layer (3) and the protective layer (6) was 40 mm.
The protective layer (6) along with the galvanic separating
layer (5) completely sheathed the electrical conductor (4).

FIG. 4 depicts another construction according to the inven-
tion 1n the capacitive coupling element (3) of two electrically
conductive structures (2a, 25) on one pane (1). To reduce the
demands on the composition of the adhesive layer, the gal-
vanic separating layer (5) was made up of two layers. The
lower separating layer (5-1) adjacent the electrically conduc-
tive structures (2a, 2b) included a silicon adhesive with alayer
thickness of 30 um and a dielectric constant of 3. The upper
galvanic separating layer (5-2) adjacent the electrical conduc-
tor (4) included a polyacrylate adhesive with a dielectric
constant of 4 and a layer thickness 01 30 um. By means of the
two-layer construction (5-1,5-2), the capacitance between
coupling element (3) and the electrically conductive struc-
tures (2a, 2b) could be increased with an unchanged distance
(D) and comparable adhesive action compared to the exem-
plary embodiment of FIG. 3.

FIG. 5 depicts an alternative construction in the region of
the capacitive coupling of two electrically conductive struc-
tures (2a, 2b) on one pane (1). No galvanic separating layer
(5) was applied on the electrically conductive structure (25).
The electrical conductor (4) was galvanically connected to
the electrically conductive structure (26). The electrical con-
ductor (4) was galvanically separated from the other electri-
cally conductive structure (2a), such that overall the electri-
cally conductive structures (2q,2b) were also still
galvanically separated from each other. In this embodiment, 1t
was possible to obtain an improved capacitive coupling
between the electrically conductive structures (2a, 26). With
the same area, 1t was possible to substantially improve the
reception performance of the electrical structure (2a, 2b6) as
an antenna with, at the same time, optimized heating proper-
ties compared to the prior art.

FIG. 6 depicts another embodiment of the mvention 1n
cross-section. The length and width of the coupling element
(3) were precisely adapted to the external outline of the elec-
trically conductive structures (2a, 26) 1in the region of the
coupling element (3). In the exemplary embodiment, the cou-
pling element (3) had a width of 25 mm and was able to
terminate flush with the external outline of the electrically
conductive structures (2a, 2b). With this embodiment, it was




US 9,196,949 B2

7

possible to obtain a reduced maternal requirement and space
requirement for the capacitive coupling.

FIG. 7 depicts an exemplary embodiment according to the
invention 1n plan view. On an mner surface of the pane (1), a
first electrically conductive structure (2a) with heating and
antenna capability and a second electrically conductive struc-
ture (2b) with antenna capability 1n the shape of a meander as
well as a capacitive coupling element (3) were applied. The
clectrically conductive structures (2a, 2b) were formed by a
silver-containing screen print with layer thicknesses of
roughly 30 um. The line width of the screen print was 0.5 mm.
The first electrically conductive structure (2a) included heat-
ing conductors running parallel to each other with a line width
of 0.5 that were electrically connected 1n parallel 1n 10 mm
wide busbars. In an edge region of the structure (2a), the
capacitive coupling to the electrically conductive structure
(2b6) of the antenna conductor was produced. On one end of
the ant0065nna conductor (256), the signal was forwarded for
turther processing via an antenna connection (A). The width
ol the antenna conductor (25) was 0.5 mm and 1n the region of
the coupling element (3) 10 mm. The coupling element (3)
had a length o1 100 mm and a width of 30 mm and covered the
clectrically conductive structures (2a, 2b) to a length of 100
mm. The busbars of the electrically conductive structures (2a,
2b) were printed on 1n the region of the coupling element (3)
running parallel to each other on the edge of the pane (1). The
distance between the electrically conductive structures (2a)
and (25) 1n the region of the coupling element (3) was 5 mm.
In the width, the coupling element extended beyond the elec-
trically conductive structures (2a, 26) on both sides by 2.5
mm 1n each case.

FIG. 8 depicts an alternative embodiment according to the
invention of electrically conductive structures (2a, 2b) and
coupling elements that were applied on a single-pane satety
glass (1). The first electrically conductive structure (2a)
included a meander-shaped heating conductor with a line
width o1 0.5 mm and 10 mm wide contact regions on the ends.
A second electrically conductive structure (26) included two
line-shaped conductors with a line width of 0.5 mm that are
capacitively coupled via two coupling elements (3) with the
clectrically conductive structure (2a) to form an antenna con-
ductor. At one end of the heating conductor (2a), the signal
was forwarded via an antenna connector (A) into a recerving,
device for further processing. The line width of the electri-
cally conductive structures (2a,2b) was 0.5 mm 1n the region
of the coupling element. The distance between the electrically
conductive structures (2a, 2b) was 5 mm.

FIG. 9 depicts another embodiment according to the inven-
tion of electrically conductive structures (2a, 2b) and cou-
pling elements that were applied on a single-pane safety glass
(1). The first electrically conductive structure (2a) included
heating conductors running parallel to each other with a line
width o1 0.5 mm that were electrically connected in parallel in
10 mm wide busbars. A second electrically conductive struc-
ture (2b6) also icluded heating conductors connected in par-
allel. Via the extended busbars of the electrically conductive
structures (2a, 2b), the structures were coupled capacitively
on one side with a coupling element (3). At one end of the
heating conductor (26), the signal was forwarded via an
antenna connector (A) for further processing. The line width

of the electrically conductive structures (2a, 2b) was 0.5 mm
in the region of the coupling element (3). The distance
between the electrically conductive structures (2a, 2b) was 5
mm.
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FIGS. 10 and 11 depict 1n detail the steps of the method
according to the invention for production of a pane (10) with
clectrically conductive structures (2a, 26) and coupling ele-
ments (3).

In exemplary embodiments of the mvention described 1n
FIGS. 1 to 9, a capacitive coupling between the electrically
conductive structures (2a) and (25) improved compared to the
prior art was obtained. Via a capacitive coupling element (3),
the electrically conductive structures (2a) and (25) were gal-
vanically separated with regard to the heating voltage (DC)
and capacitively coupled with regard to the antenna signals
(high-frequency AC). On one surface of the pane, the recep-
tion performance of the antenna was clearly improved com-
pared to the prior art with optimized heating properties at the
same time.

REFERENCE CHARACTERS

(1) Pane,

(2a),(2b) Electrically conductive structure,

(3) Capacitive coupling element,

(4) Electrical conductor,

(5),(5-1),(5-2) Galvanic separating layer,

(6) Protective layer,

(7) Intermediate layer,

(A) Connection point for receiving device,

(D) Distance between the electrical conductor and the elec-
trically conductive structure.

The mvention claimed 1s:

1. A pane with electrically conductive structures, compris-
ng:

a pane with electrically conductive structures each galvani-

cally separated from each other,

a galvanic separating layer on at least one of the electrically

conductive structures, and
an electrical conductor on the galvanic separating layer,
wherein the galvanic separating layer galvanically sepa-
rates the electrical conductor from the electrically con-
ductive structures such that the electrical conductor and
the electrically conductive structures are decoupled
from each other for direct current voltage,
wherein the galvanic separating layer and the electrical
conductor are a capacitive coupling element coupling
between the electrically conductive structures, and

wherein the capacitive coupling element covers subregions
of the electrically conductive structures and overlaps,
with respect to a normal of a surface of the pane, the
subregions of at least two of the electrically conductive
structures.

2. The pane according to claim 1, wherein at least one
capacitive coupling element 1s applied on at least one of the
clectrically conductive structures.

3. The pane according to claim 1, wherein the galvanic
separating layer has a dielectric constant of 2 to 6.

4. The pane according to claim 1, wherein the galvanic
separating layer includes at least two layers.

5. The pane according to claim 1, wherein the electrical
conductor has a layer thickness of 10 um to 200 pm.

6. The pane according to claim 1, wherein the electrically
conductive structures are configured as a comb or mesh with
cach other as meanders in the region of the capacitive cou-
pling element.

7. The pane according to claim 1, wherein the electrically
conductive structures have a layer thickness of 10 um to 100
L.

8. A method for producing a pane with electrically conduc-
tive layers, comprising:
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coating a pane with electrically conductive structures each manner that covers the subregions of the electrically
galvanically separated from each other, conductive structures and overlaps, with respect to a

applying at least one galvanic separating layer on subre- normal of a surface of the pane, the subregions of at least
gions of the electrically conductive structures, and two ot the electrically conductive structures.

applying at least one electrical conductor on the galvanic 5 9. The method according to claim 8, further comprising
separating layer and overlapping, with respect to a nor- additionally applying an itermediate layer to the pane.

10. The method according to claim 8, wherein the applying
the capacitive coupling element comprises gluing, in a film
composite, the capacitive coupling element on the atleast one

10 electrically conductive structure.

11. The method according to claim 8, wherein the galvanic
separating layer and/or the electrical conductor are applied by
screenprinting, relief printing, gravure printing, tlexo print-
ing, or by doctor-blading.

15 12. A method comprising:

using the pane according to claim 1 as a motor vehicle

glazing with antenna and heating capability.

mal of a surface of the pane, the subregions such that the
at least one electrical conductor 1s galvanically sepa-

rated from the electrically conductive structures such
that the at least one electrical conductor and the electri-
cally conductive structures are decoupled from each
other for direct current voltage,

wherein the galvanic separating layer and the electrical
conductor are applied 1n a capacitive coupling element
over at least one of the electrically conductive structures;
and

wherein the capacitive coupling element on the at least one
of the electrically conductive structures 1s applied 1n a S I
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